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METHOD AND APPARATUS FOR EFFICIENT BATTERY USE BY A HANDHELD 
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This patent is claiming priority under; 35 (JSC § 119(e) to provisionally filed patent 
application entitled MULTI-FUNCTION HANDHELD DEVICE, having a provisional 
serial number of 60/429,94 1 and a provisional filing date of 1 1 /29/2002. 
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10 BACKGROUND OF THE INVENTION 

TECHNICAL FIELD OF f HE INVENTION 

This invention relates generally to portable electronic equipment and more 
15 particularly to efficient powering of ^tich devices^ * 

DESCRIPTION OF RELATED ART 
As is known, integrated circuits are used in a wide variety of electronic 
equipment, including portable, or Handheld, devices. Such handheld devices include 

20 personal digital assistants (PDA), CD. players, MP3 players, DVD players, AM/FM radio, 
a pager, cellular telephones, computer memory extension (commonly referred to as a 
thumb drive), etc. Each of these handheld devices include one or more integrated circuits 
to provide the functionality of the device; For example, a thumb drive may include an 
integrated circuit for interfacing with a Computer (e.g., personal computer, laptop, server, 

25 workstation, etc.) via one of the ports of the computer (e.g., Universal Serial Bus, parallel 
port, etc.) and at least one other memory integrated circuit (e.g., flash memory). As such, 
when the thumb drive is coupled to a computer, data can be read from and written to the 
memory of the thumb drive. Accordingly, a :user may store personalized information 
(e.g., presentations, Internet access account information, etc.) on his/her thumb drive and 

30 use any computer to access the information. ? t rA • / ... 
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As another example, an MP3 player -may include multiple integrated circuits to 
support the storage and playback iypf'^igitkiiy formatted audio (i.e., formatted in 
accordance with the MP3 speci fication). -.. As is! known, one integrated circuit may be used 
for interfacing with a computer, another integrated circuit for generating a power supply 
5 voltage, another for processing the storage, and/or playback of the digitally formatted 
audio data, and still another for rendering the playback of the digitally formatted audio 
data audible. / ' i 

. Integrated circuits have enabled the creation of a plethora of handheld devices, 
10 however, to be "wired" in today' s .electronic ; world, a person needs to posses multiple 
handheld devices. For example, one may own cellular telephone for cellular telephone 
service, a PDA for scheduling, address book,- etc'; 1 , one or more thumb drives for extended 
memory functionality, an MPS player for storage and/or playback of digitally recorded 
music, a radio, etc. Thus, even though ji si ngle handheld device may be relatively small, 
1 5 . carrying multiple handheld devices on one's person can become quite burdensome. 

A vital concern with every battery powered handheld device is its battery life (i.e., 
how long the handheld device will run; before' the battery has to be replaced). There are 
two primary components to extendingl the battery life of a handheld device: one is to 
20 minimize power consumption and the other is to use the battery to its fullest capacity. 
Most of the efforts to date with respect to battery life have been focused on reducing 
power consumption. While this is extremely .important, using the battery to its fullest 
extent is becoming more critical and ! getting s6me attention. 

25 Current techniques to use the battery to its fullest extent safely (i.e., shutting down 

the handheld device in a safe manner when the battery is consumed) monitor the battery 
voltage. When the battery voltage; drdps ibelow a threshold, the handheld device is 
shutdown by storing current user setting -pi cetera such that when the battery is replaced, 
the handheld device comes up in a known manner and, if desired, where it left off just 

30 before the battery was replaced. If the handheld device is not shutdown in a known 
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manner when the battery voltage drops below the . threshold, the software of the handheld 
device may lock-up causing the handheld device to require service. 

While monitoring the battery voltage does provide a safe shutdown mechanism 
5 extending the usefulness of a battery, it, does not enable the battery to be used to its fullest 
extent, nor does it distinguish the possible reasons as to why the battery voltage dropped. 

Therefore, a need exists for a method and apparatus that maximizes battery life 
based on operating conditions of a battery , powered handheld device. 

10 .' ■ : 

BRIEF SUMMARY OF THE INVENTION 
The method and apparatus for efficient ^battery use by a handheld multifunction 
device of the present invention substantial yi^meets these needs and others. In one 
embodiment, a method for efficient battery use begins by monitoring at least one output 

15 of the handheld device for an overload condition. For example, the headphone jack 
. output may be monitored for an overload condition, which may be caused by an improper 
installation of a headphone, a short,- et ceteraV The processing continues by monitoring a 
system voltage produced by a DC-to-DC converter for a system low voltage condition. 
For example, based on the power requirements to be sourced by the DC-to-DC converter, 

20 the DC-to-DC converter is overloaded 'such; Mat its output voltage is drooping. The 
process continues by monitoring voltage;! of "the battery for a battery low voltage 
condition. For example, the batteiy = voltage may be monitored for felling below a 
threshold, which may result from;" ex te'nde^Viise or failing to make adequate electrical 
contact with the terminals of the handheld device. The processing then continues by 

25 enabling one of a plurality of fail-safe algorithms based on when one or more of the 
overload condition, the system low voltage condition, and/or the battery low voltage 
condition are detected. With such a . itiethod; and/or apparatus incorporating such a 
method, the battery life of a handheld (le\dce .may be taken to its fullest extent and just 
before the battery has insufficient power to; power the handheld device, the handheld 

30 device is partially or fully shutdown in a safe manner. 
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BRIEF DESCRIPTION OR I 'HE VERA L VIEWS OF THE DRAWINGS 
Figure 1 is a schematic block diagram of a multifunction handheld device in 
accordance with the present invention;' 

5 Figure 2 is a schematic block diagram, of another multifunction handheld device 

in accordance with the present invention; 

Figure 3 is a schematic block diagram of an integrated circuit for use in a 
multifunction handheld device in accordance .with the present invention; 

io ^'^"v, l *? : ' ■ 

Figure 4 is a schematic block diagram of another integrated circuit for use in a 
multifunction handheld device in accordance with the present invention; . 

Figure 5 is a schematic block diagram 6 f the handheld device providing efficient 
1 5 battery use in accordance with the present invention; 

Figure 6 is a graph plotting battery consumption versus battery voltage; 

Figure 7 is a graph plotting supply voltage versus power consumption for CMOS 
20 integrated circuits; ' ; - : : ' c ^'):jj\ 

Figure 8 is a logic diagram of a' method for efficient battery use by a handheld 
device in accordance with the present invention; and 

25 Figures 9-12 are logic diagrams regarding the plurality of fail-safe algorithms that 

may be performed in accordance with the method of Figure 8. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 is a schematic block diagram of a multi-function handheld device 10 and 
30 corresponding integrated circuit 12 operably coupled to a host device A, B, or C. The 
multi-function handheld device 10 also includes memory integrated circuit (IC) 16 and a 
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battery 14. The integrated circuit 12 includes .a host interface 18, a processing module 
20, a memory interface 22, a multimedia -module 24, a DC-to-DC converter 26, and a bus 
28. The multimedia module 24 alone or 1 h combi nation with the processing module 20 
provides the functional circuitry for the integrated circuit 12. The DC-to-DC converter 
5 26, which may be constructed in accordance;: with; the teaching of U.S. Patent 6,204,651, 
entitled METHOD AND APPARATUS TOR REGULATING A DC VOLTAGE, 
provides at least a first supply voltage to one or more of the host interface 18, the 
processing module 20, the multimedia module 24, and the memory interface 22. The 
DC-to-DC converter 26 may also provide V DD to one or more of the other components of 
10 the handheld device 10. 1 1 ' " ' " v: '' ; - 

When the multi-function handheld device 10 is operably coupled to a host device 
A, B, or C, which may be a personal -eoiiiputer, workstation, server (which are 
represented by host device A), a laptop computer (host device B), a personal digital 

15 assistant (host device C), and/or any other device that may transceive data with the multi- 
function handheld device, the processing module 20 performs at least one algorithm 30, 
where the corresponding operational instructions of the algorithm 30 are stored in 
memory 16 and/or in memory incorporated in the processing module 20. The processing 
module 20 may be a single pr()cessing deyice ; or a plurality of processing devices. Such a 

20 processing device may be a microprocessbr, .micro-controller, digital signal processor, 
microcomputer, central processing unit, field - prbgrammable gate array, programmable 
logic device, state machine, logic circuiti^,. analog circuitry, digital circuitry, and/or any 
device that manipulates signals (and! og; and/or d igital) based on operational instructions. 
The associated memory may be a single nfemory device or a plurality of memory 

25 devices. Such a memory device may be a read-only memory, random access memory, 
volatile memory, non-volatile memory, static memory, dynamic memory, flash memory, 
and/or any device that stores digital; information Note that when the processing module 
20 implements one or more of its'fehctrons' ^yia:a state machine, analog circuitry, digital 
circuitry, and/or logic circuitry, the . associated memory storing the corresponding 



30 operational instructions is embedded vvitlv the, circuitry comprising the state machine, 
analog circuitry, digital circuitry, and/or iogic : circuitry. 
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With the multi-function handheld device 10 in the first functional mode, the 
integrated circuit 12 facilitates the transfer of data between the host device A, B, or C and 
memory 16, which may be non-volatile, memory (e.g., flash memory, disk memory, 
5 SDRAM) and/or volatile memory (e.g^. DRAM): In one embodiment, the memory IC 16 
is a NAND flash memory that stores both data and the operational instructions of at least 
some of the algorithms 30. 

In this mode, the processing -module 30 retrieves a first set of operational 

10 instructions (e.g., a file system algorithm, which is known in the art) from the memory 16 
to coordinate the transfer of data. For example, data received from the host device A, B, 
or C (e.g., Rx data) is first received via the host interface module 18. Depending on the 
type of coupling between the host devic5e;ajld the- handheld device 10, the received data 
will be formatted in a particular manner. 'For example, if the handheld device 10 is 

15 coupled to the host device via a USB cable,' the received data will be in accordance with 
the format proscribed by the USB specification. The host interface module 18 converts 
the format of the received data (e.g., USB format) into a desired format by removing 
overhead data that corresponds to the format of the received data and storing the 
remaining data as data words. The size ()f the data words generally corresponds directly 

20 to, or a multiple of, the bus width ol bus- 28* and the word line size (i.e., the size of data 
stored in a line of memory) of memory 16. ^ Uhddr the control of the processing module 
20, the data words are provided, via^ithe;memory;anterface 22, to memory 16 for storage. 
In this mode, the handheld device is functioning as extended memory of the host 
device (e.g., like a thumb drive). 

25 . ' 

In furtherance of the first functional mode, the host device may retrieve data (e.g., 
Tx data) from memory 16 as if the memory 'were part of the computer. Accordingly, the 
host device provides a read command- to" the; Handheld device, which is received via the 
host interface 18. The host i n ter face 1 8 c6 ii verts \ the read request into a generic format 

30 and provides the request to the processing "mocJiile 20. The processing module 20 
interprets the read request and coordinates ^ of the requested data from 




DOCKET NO. SIG 000085 

memory 16 via the memory interface; 22 The retrieved data (e.g., Tx data) is provided to 
the host interface 1 8, which converts the. format of the retrieved data from the generic 
format of the handheld device into * the fornlat of the coupling between the handheld 
device and the host device. The host interface 18 then provides the formatted data to the 
5 host device via the coupling. ':.':}' 

The coupling between the host device and the handheld device may be a wireless 
connection or a wired connection. For instance, a wireless connection may be in 
accordance with Bluetooth, IEEE 802. f 1(a), (b) or (g), and/or any other wireless LAN 

10 (local area network) protocol, Irl) A, etc.. The wired connection may be in accordance 
with one or more Ethernet protocols. Firewire,: USB, etc. Depending on the particular 
type of connection, the host interface module ;18; includes a corresponding encoder and 
decoder. For example, when the handheld device 10 is coupled to the host device via a 
USB cable, the host interface module ; L8 mcludes a USB encoder and a USB decoder. 

15 - ' . : : , • . 

As one of average skill in the ail will, appreciate, the data stored in memory 16, 
which may have 64 Mbytes or greater of storage capacity, may be text files, presentation 
files, user profile information for access to varies computer services (e.g., Internet access, 
email, etc.), digital audio files (e.g.,; MP3 files, WMA -Windows Media Architecture-, 

20 MP3 PRO, Ogg Vorbis, AAC - Advanced' Mdio Coding), digital video files [e.g., still 
images or motion video such as MPEG (motion^ "picture expert group) files, JPEG (joint 
photographic expert group) files, etc.j, address book information, and/or any other type of 
information that may be stored in a digital format,' As one of average skill in the art will 
further appreciate, when the handheld device 10 is coupled to the host device A, B, or C, 

25 the host device may power the handheld device 1 0 such that the battery is unused. 

When the handheld device 10 is not-; coupled to the host device, the processing 
module 20 executes an algorithm 30 to detect the disconnection and to place the handheld 
device in a second operational mode. Tn the second operational mode, the processing 
30 module 20 retrieves, and subsequently executes, a' second set of operational instructions 
from memory 16 to support the second" operational mode. For example, the second 



DOCKET NO. SIG 000085 

operational mode may correspond to rM P3 file playback, digital dictaphone recording, 
MPEG file playback, JPEG file p lay back,, -te^ messaging display, cellular telephone 
functionality, and/or AM/FM radio reception*.. : Eac ; h of these functions is known in the 
art, thus no further discussion of the particular implementation of these functions will be 
5 provided except to further illustrate tlie-jeoneepjs pf the present invention. 

In the second operational mode,, under the control of the processing module 20 
executing the second set of operational instructions, the multimedia module 24 retrieves 
multimedia data 34 from memory 16.; The- multimedia data 34 includes at least one of 

10 digitized audio data, digital video (lata; and text data. Upon retrieval of the multimedia 
data, the multimedia module 24 converts the, data 34 into rendered output data 36. For 
example, the multimedia module 24 may , convert digitized data into analog signals that 
are subsequently rendered audible via a speaker or via a headphone jack. In addition, or 
in the alternative, the multimedia' module 24 may render digital video data and/or digital 

15 text data into RGB (red-green-blue), YUV, etc., data for display on an LCD (liquid 
crystal display) monitor, projection' CRT, and/or on a plasma type display. The 
multimedia module 24 will be described in greater detail with reference to Figures 2 and 
3. . " : - ] - 

20 As one of average skill in the- 'artj^tM" handheld device 10 may be packaged 

similarly to a thumb drive, a eel hilar telephone^ pager (e.g., text messaging), a PDA, an 
MP3 player, a radio, and/or a digital cl ictaphoiVel ahd offer the corresponding functions of 
multiple ones of the handheld devices (feg:^pr6vide a combination of a thumb drive and 
MP3 player/recorder, a combination of a thumb drive, MP3 player/recorder, and a radio, 

25 a combination of a thumb drive, MP3' player/recorder, and a digital dictaphone, 
combination of a thumb drive, MP3 player/recorder, radio, digital dictaphone, and 
cellular telephone, etc.). • ; < 

Figure 2 is a schematic block diagram, of another handheld device 40 and a 
30 corresponding integrated circuit 12-1. ; Inytliis embodiment, the handheld device 40 
includes the integrated circuit 12-1, the' WUte^;/14. the memory 16, a crystal clock source 
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42, one or more multimedia input devices (e.g., one or more video capture device(s) 44, 
keypad(s) 54, microphone(s) 46, etc.), and one or more multimedia output devices (e.g., 
one or more video and/or text display(s) 48, spcaker(s) 50, headphone jack(s) 52, etc.). 
The integrated circuit 1 2- 1 includes the host; interface 18, the processing module 20, the 
5 memory interface 22, the multimedia iiiodu!e ; 24, the DC-to-DC converter 26, and a clock 
generator 56, which produces a clock signal (CLK) for use by the other modules. As one 
of average skill in the art will appreciate, the clock signal CLK may include multiple 
synchronized clock signals at varying rates for the various operations of the multi- 
function handheld device. 
10 :.;:v:v,^^;v..:.:^ ■ 

Handheld device 40 functions in a similar manner as handheld device 10 when 
exchanging data with the ,host device (i.e., when the handheld device is in the first 
operational mode). In addition, vvhile m the.first operational mode, the handheld device 
40 may store digital information received via;one;of the multimedia input devices 44, 46, 

15 and 54. For example, a voice recording received via the microphone 46 may be provided 
as multimedia input data 58, digitized via the multimedia module 24 and digitally stored 
in memory 16. Similarly, video recordings may be captured via the video capture device 
44 (e.g., a digital camera, a camcorder, VCR output, DVD output, etc.) and processed by 
the multimedia module 24 for storage as digital video data in memory 16. Further, the 

20 key pad 54 (which may be a keyboard, touch screen interface, or other mechanism for , 
inputting text information) provides text data t^>the: mult imedia module 24 for storage as 
digital text data in memory 16. In this Extension of the first operational mode, the 
processing module 20 arbitrates write access tb; the memory 16 among the various input 
sources (e.g., the host and the multimedia module). 

25 ;/r-\M,/: : 

When the handheld device 40 is • in the second operational mode (i.e., not 
' connected to the host), the handheld device may-record and/or playback multimedia data 
stored in the memory 16. Note that' the data provided by the host when the handheld 
device 40 was in the first operational mode : mehides the multimedia data. The playback 
30 of the multimedia data is similar to the playback described with reference to the handheld 
device 10 of Figure 1. In this embcxljinent,: depending on the type of multimedia data 34, 
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the rendered output data 36 may be. provided to one or more of the multimedia output 
devices. For example, rendered audio L datafmay be provided to the headphone jack 52 
an/or to the speaker 50, while rendered vid^b ; >cU]d/or text data may be provided to the 
display 48. Y';:y^;^\r\ 

The handheld device 40 may also record multimedia data 34 while in the second 
operational mode. For example, the handheld device 40 may store digital information 
received via one of the multimedia input devices 44, 46, and 54. 

10 Figure 3 is a schematic bIock ; diagrani of an integrated circuit 12-2 that may be 

used in a multi-function handheld deyiee. r The)iiitegrated circuit 12-2 includes the host 
interface 18, the processing module 20, the.-DG>to-DC converter 26, memory 60, the 
clock generator 56, the memory interlace 22, the bus 28 and the multimedia module 24. 
The DC-to-DC converter 26 includes r ; a- first-, qutput section 62, and a second output 

15 section 64 to produce a first and second output voltage (Vddi and V0D2), respectively. 
Typically, Vddi will be greater that Vdd2;' where Vddi is used to source analog sections of 
the processing module 20, the host interface. 18, the memory interface 22, and/or the 
multimedia module 22 and V D D2 is , used, to source the digital sections of these modules. 
The DC-to-DC converter 26 may further include a battery charger 63 and a low loss 

20 multiple output stage 62. The battery, chargen'63 is operable to charge the battery 14 
from power it receives via the physical coup; ling (e g., via a USB cable) to the host device 
when the multi-function handheld device is, physically coupled to the host device. The 
particular implementation of the battery • charger, 63 is dependent on the type of battery 
being used and such implementations are known in the art, thus no further discussion will 

25 be provided regarding the battery charger 63 except to further illustrate the concepts of 
the present invention. 

The multimedia module 24 includes r an analog input port 66, an analog to digital 
converter (ADC) 68, an analog output port ^O^Higital to analog converter (DAC) 72, a 
30 digital input port 74, a digital output port. 76,- and an analog mixing module 78. The 
analog input port 66 is operably coupled. \ to; rec£iv£ analog input signals from one or more 
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sources including a microphone, aii AM/BM tuiier, a line in connection (e.g., headphone 
jack of a CD player), etc. The received analog signals are provided to the ADC 68, 
which produces digital input data therefrom. - The digital input data may be in a pulse 
code modulated (PCM) format and stored as such, ;or it may be provided to the processing 
5 module 20 for further audio processing (e.g., ? compression, MP3 formatting, etc.) The 
digital input data, or the processed version' thereof, is stored in memory 16 as instructed 
by the processing module 20. 

The digital input port 74 is op.erably coupled to receive digital audio and/or video 
10 input signals from,; for example, a digital camera, a camcorder, etc. The digital audio 
and/or video input signals may be "stofedftlh: memory 16 under the control of the 
processing module 20. As one of a vcr£igc ski 1 1 i i ri the art will appreciate, the audio and/or 
video data (which was inputted as ahalog sign^ls .or digital signals) may be stored as raw 
data (i.e., the signals received are 'storied as isiitedesignated memory locations) or it may 
15 be stored as processed data (i.e., compressed data, MPEG data, MP3 data, WMA data, 
etc.). ... • ■ 

The DAC 72 receives multiihedia data 34 as digital output data and converts it 
into analog video and/or audio output'- data^that'is provided to the mixing module 78. 

20 When the output of the DAC 72 is the only input to the mixing module 78, the mixing 
module 78 outputs the analog video and/or audio output data to the analog output port 70. 
The analog output port 70 may be coupled tovone or more of the speaker, headphone jack, 
and a video display. The mixing mbdiile; ;78; may mix analog input signals received via 
the analog input port 66 with the output of DAC 72 to produce a mixed analog signal that 

25 is provided to the analog output port 70. Note that the buffers in series with the inputs of 
the mixing module 78 may have their gains adjusted and/or muted to enable selection of 
the signals at various gain setting's • provided to the mixing module 78 and subsequently 
outputted via the analog output port 70; ' . : ; 

30 The digital output port 76 is. ^ ppferably templed to output the digital output data 

(i.e., the multimedia data 34 in a digital format): The digital output port 76 may be 
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coupled to a digital input of a video; display device, another handheld device for direct 
file transfer, etc. .;'.:// 

As one of average skill in the art; will appreciate, the multimedia module 24 may 
5 include more or less components tKiir the; coniponents shown in Figure 3 or include 
multiple analog and/or digital input and/or output ports. For example, for a playback 
mode of digital audio files, the multimedia module 24 may only include the DAC 72 and 
the analog output port 70 that is coupled to the headphone jack and/or to the speaker. As 
another example, for recording voice, samples (i.e., as a digital dictaphone), the 
10 multimedia module 24 may include tlie ; analog :input port 66 coupled to the microphone 
and the ADC. . • ■ ; ^ ; 

Figure 4 is a schematic block d i.agram *pf : an integrated circuit 12-3 that may be 
incorporated in a multi -function handhcid devicfc 10 or 40. The integrated circuit 12-3 

15 includes a general purpose input/outpdt; module 80, a CD control interface 82, an I 2 C 
interface module 84, a display interface module 86, a static and/or dynamic RAM 
interface 88, an input interface module 90, processing module 20, ROM 35, RAM 33, a 
peripheral bus 104, a memory bus 106, a s)'stcm-on-a-chip (SOC) management module 
100, a universal serial bus (USB) interface .102, a digital-to-analog converter 72, an 

20 analog-tordigital converter 68, a multiplexer -^buffers, mixing module 78, DC to DC 
converter 26, a programmable driver .92;, and;^ microphone bias module 96. 

In operation, the integrated circui t 12-3 may facilitate the transceiving of data 
with a host device between system memory; of a multi-function handheld device and a 

25 host device, may playback multimedia data, and/or may record multimedia data via input 
ports. When the integrated circuit 12-3 is .transceiving with a host device, the USB 
interface 102 operably couples tlie. iiVtegrated' a 12-3 to a host device. In addition, 
the SDRAM interface 88 couples, either via the general purpose input/output module 80 
or directly, to the system memory (e.g., memory 1C 16) of the multi-function handheld 

30 device 10. In this configuration, data ^at .is received from the host device is placed .on 
the memory bus 106 by the USB jn terfaqe i 02: The SDRAM interface 88 retrieves the 
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data from the memory bus 1 06 and/ towards it for storage to the system memory under 
the control of the processing module 20 that isexeeuting a file system storage algorithm. 
The data being stored may correspond to playback data, such as an MP3 file, a WMA 
file, a video file, a text file, arid/or a combination thereof. Alternatively, or in addition to, 
5 the data being received from the hostmmy correspond to programming instructions of an 
algorithm 30, which may be an MP3 decoder algorithm, a WMA decoder algorithm, a 
MPEG algorithm, a JPEG algorithm, et cetera. 

For providing data from the handheld device 10 to the host device, the SDRAM 
10 interface 88 retrieves data from the. system memory and places it on the memory bus 106 
under the control of the processing module 20 as it executes a file system algorithm. The 
USB interface 102 retrieves the data froni the memory bus 106 and forwards it to the host 
device in accordance with one ofthe versions of the USB standard. 

15 Data may also be stored in the systbnf memory that is received via the CD 

(compact disk) control interface 82, and/or the I 2 C interface 84 or other type of two or 
three wire data interface. Via these interfaces 82 and 84, data is received via the general 
purpose input/output module 80 and ' placed on the memory bus 106. The SDRAM 
interface 88 retrieves the data from; the m^ bus 106 and provides it to the system 

20 memory, which is done under the control' olUhe processing module as it executes a data 
storage algorithm. % 

When the integrated circuit 12-3 is recording audio inputs received via the 
microphone input, the microphone bias circuit 96 provides the received audio signals to 

25 the mixing module 78 as well as to the multiplexer (mux) via a buffer. The microphone 
bias circuit 96 biases the audio input for optimal operations. The received audio input 
signals are is converted to digital : ; audip ^glials via the analog-to-digital converter 68. 
The digital audio signals may then be stoi;ed; in system memory (e.g., memory TC 16). 
Alternatively, the audio input signal may be. proyided to the summing module 78 and 

30 subsequently provided to headphone jack 94; via the programmable driver 92 as a 
component of a summed analog signal.; . The summing module 78 may sum, or pass any 
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one of, the audio input signals may beVniixcd .with other analog input signals, such as a 
line input, an FM radio input, and the analog: output of the DAC 72, to produce the 
summed signal. 

5 When the integrated circuit 12-3 is in a playback mode, digital multimedia data is 

retrieved from the system memory and provided to the digital-to-analog converter 72. 
The digital-to-analog converter 72 converts the digital multimedia signals, which may be 
audio data, video data and/or text data, into analog multimedia signals and provides the 
analog multimedia signals to mixing -inodule 78. In the playback mode, the mixing 
10 module 78 will generally have the ()thcr;.inputS;inuted^ such that its output corresponds 
directly to the analog multimedia signals provided by the digital-to-analog converter 72. 

The programmable driver 92 increase^ the: drive power of the analog multimedia 
signals (e.g., audio signals when the analog multimedia signals are provided to? a 
15 headphone) and provides it to the headphone jack 94. As one of average skill in the art 
will appreciate, a fixed driver may replace the programmable driver 92 to drive the 
headphone jack 94. 

To place the integrated circuit" 12^3 info the various operational modes, commands 
20 are received via the general purpose input/putpul module 80 by the input interface 90.. 
The input interface 90 receives the input; stimulus corresponding to commands, interprets 
the input, stimulus to generate the correspohdi iVg v . commands . The commands are then 
provided on the peripheral bus 1 04- arid/or: the memory bus 106 and processed by the 
processing module 20. , : ■ 

25 ' 

In addition to producing audio outputs during playback mode, the integrated 
circuit 12-3 may provide video outputs, yiaUthe display interface 86, which will be 
described in greater detail with reference to Figure 1 4. The display interface 86 drives 
the display, which may be an LCD d i spl ay, bEE) 1 display, plasma display and/or any other 
30 type of display. The data bei ng cl is|Maybcl ! i may correspond to the multimedia data 
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retrieved from the system memory, arid/or may correspond to the commands inputted via 
the input interface 90. 

The system-on-a-chip (SOQ. s management module 100 processes interrupt 
5 controls, generates clock signals for the, . integrated circuit 12-3, performs bit 
manipulations, performs debugging operations, and executes a Reed-Solomon, or other 
type of encoding/decoding algorithm to encode and/or decode data. 

The DC-to-DC converter 26 provides at least one supply voltage for the integrated 
10 circuit 12-3 and typically provides two supply: voltages. For example, the DC-to-DC 
converter 26 may produce a 3.3 volts supply^and a ,1 .8 volt supply. 

Figure 5 is a schematic block diagram^ of !the handheld device of Figures 1 and/or 
2 consuming power and managing the power consumption to provide efficient battery use 

15 in accordance with the present invention. As shown, battery 14 produces a battery 
voltage that, via a switch, is coupled to the DC-to-DC converter 26. The DC-to-DC 
converter produces a system voltage 112 which may correspond to Vdd i or V D d 2 as 
shown in Figures 1-4. The multimedia/ifiodule 24 is powered via the system voltage 1 12 
and produces at least one output as shown ih Figures 2 and 3. In this illustration, only the 

20 headphone jack 52 output of the multimedia module is shown. As shown, a pair 'of 
headphones 1 10 may be coupled to the headphone jack 52. 

In operation, the processing module 20 executes an algorithm, as well be further 
described with reference to Figures 8-12, to monitor the battery usage by the handheld 

25 device and to ensure that, once the battery has been as close to fully consumed as 
possible, the handheld device is fully shutdown or at least partially shutdown in a safe 
manner such that when the battery is; replaced, the handheld device will come up 
correctly. To facilitate the efficient battery use algorithm, the processing module 20 
monitors the battery voltage, the system voltage 1 12 and/or the current and/or voltage of 

30 each output of the multimedia module 24, in this example the headphone jack 52. 
Typically, the monitoring of an output of the multimedia module 24 will be detecting 
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whether an overload condition, produced by. a short circuit, and/or faulty equipment 
coupled thereto, results in an excessive amount of power being drawn by that particular 
output. For example, if the headphones were faulty such that they cause a short within 
the headphone jack 52, an overload i. C<Sii d i'ti oh t nvqu 1 d result. When an overload condition 
5 results, the processing module 20 disables the output for a predetermined period of time ■ 
(e.g., one second to ten seconds). When the predetermined period of time expires, the 
processing module 20 enables the output again and resumes monitoring for an overload 
condition. If the overload condition persists, the output is. again disabled. The disabling 
and enabling of the output may be done . by a , switch mechanism and/or by placing an 
10 output driver at a high impedance state; to disable, for this example, the headphone jack 
52. If the overload condition persists after seyiraf retries, the processing module 20 may 
cease to continue the retry and generate an .error' message for display on the handheld 
device indicating that the particular output ik/cxperiencing an overload condition. 

15 The processing module 20 also monitors The system voltage 1 12 for a system low V 

voltage condition. A system low voltage condition results when, for example, the desired ' 
system voltage 112 is 3.3 volts and drops from the 3.3 voltage by a few percentile or 
more.. The tolerance for the low system^voltagexondition may be relatively small (e.g., a 
few percent voltage drop) based on how we 1 1 The :o utput(s) of the DC-to-DC converter 26 

20 are regulated. The less well regulated the Output -supply of the DC-to-DC converter is, 
the greater the tolerance needs to be . for ,the;il(W system voltage condition. The drop in 
the system voltage 112 may include or Exclude, load transients that cause ripple on the 
output of the DC-to-DC converter 26. ; J 

25 When a low system voltage condition arises, it is indicative that the amount of 

power being consumed by the handheld device' is beyond the remaining power capacity 
of the battery 14 but is not causing ; daiigei'tfusly low output voltages to be generated, 
which might result in an unsafe shutdown of the handheld device. In this instance, the 
processing module may disable one or more of the;outputs of the handheld device, store 

30 the current settings of operation of tlie handheld device (e.g., volume setting, which 
particular song is being played from ail MP3; storage file, bass settings, treble settings, et 




DOCKET NO. SIG 000085 

cetera). Once these settings have been stored^ ; the handheld device is shutdown such that 
when the battery is replaced and tile 1 'handheld device is reactivated, the operation 
continues where it left off. Alternatively, ;the :t pr6cessing module may shutdown only a 
portion of the handheld device. For ,exdmpl e, the processing module for the low system 
5 voltage condition may shutdown the headphone j ack which is a primary consumer of 
power for the handheld device but still allow for data file transfers and/or other low 
power consuming activities. 

The processing module 20 also. monitors the battery voltage. Typically, if the 
10 battery voltage drops below a particular, threshold, in light of the monitoring of the 
system voltage 112 and the overload condition of one or more outputs, it is indicati ve that 
the battery is not making adequate contact with the power terminals of the handheld 
device thus appearing as no battery T^pr^s^Cv When this condition is detected, the 
processing module stores essential settings corresponding to the execution of a functional 
15 algorithm being performed and shuts down the device. In this manner, the algorithm is 
terminated in a predictable manner, as opposed to crashing the algorithm, thus, when the 
device is restarted, the algorithm can be predictably be restarted. 

Figures 6 and 7 illustrate graphs regarding power consumption of a battery. As 
20 shown in Figure 6, battery consumption is plotted . versus battery voltage. As the battery 
consumption approaches 100%, the: battery , voltage drops. The goal of the processing 
module 20 of Figure 5 is to take - die bat tery consumption as close to 1 00% as possible 
without damaging the software stored within thb handheld device, which may occur if the 
handheld device loses power and dbek not 'shutdown in a safe manner. As such, by 
25 monitoring multiple points within the handheld device, the device may be shutdown in a 
safe manner while taking the battery consumption as close to 100% as possible. 

Figure 7 is a graph that ploitsi voltage .versus power consumption for CMOS 
integrated circuits. As shown, as the supply'voitage increases the power consumption of 
30 an IC increases nonlinearly, which increased: consumption of the battery (i.e., reduces 
battery life). Thus, the processing? nlodulel i^nitors the battery voltage as the battery 
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consumption is increased and, based on the ppvver consumption of an IC versus supply 
voltage curve, determines how much power, of ^the; battery is left to power the handheld 
device. Based on the known amount of power /available in the battery versus how much 
power is consumed by each of the portions of the handheld device, including the outputs, 
5 the processing module may determine- whether the entire handheld device needs to be 
shutdown or only a portion thereof when a low . system voltage condition is detected. 

Figure 8 is a logic diagram of a method for efficient battery use by a handheld 
device. As shown, the process begins at Step 120, 122 and 124. As one of average skill 
10 in the art will appreciate, the efficient battery use by a handheld device may include one 
or more of the processing Steps 120, 122 and 1 1 24; and their associated steps. 

At Step 120, at least one :outpuf of . the rhandheld device is monitored for an 
overload condition. The process then proqeeds to Step 126 where a determination is 
15 . made as to whether an overload condition occurs. If not, the process loops back to the 
beginning of Step 120. Note that an overload condition may be detected by determining ' 
the output current provided to the particular ^output and when the output current exceeds a 
threshold indicating the overload condition! 

20 If, however, an overload condition o&cUrS/ille process proceeds to Step 128 where 

a fail-safe algorithm regarding (he overload condition is enabled. Such a fail-sate 
algorithm may be implemented as shown in figure 9. 

At Step 138 of Figure 9, the overload condition fail-safe algorithm begins by 
25 disabling the at least one output for a predetermined period of time (e.g., at least one 
second). The process then proceeds 'to Step : 1 40 where after the expiration of the 
predetermined period of time, th^:Sit. least, pne output is enabled. The process then 
proceeds to Step 142 where the at least one output is monitored again for an overload 
condition. If an overload condition pcrsists,,;the4lf6cessing module may generate an error 
30 message indicating the overload condition. ; " ^ 
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Returning to the logic diagram; of jFiglire 8, at Step 122 a processing module 
monitors a system voltage produced by the D(>to-DC converter for a. system low voltage 
condition. The process then proceeds to Step 130 where determination is made as to 
whether the low system voltage condition exists. If not, the process reverts to Step 122. 
5 Note that the system low voltage condition. may be determined by determining loading on 
one or more outputs of the DC-to-DC converter, determining the available power 
duration based on the loading and on the battery voltage, and, when the available power 
duration is less than the power available threshold, indicating the low system voltage 
condition. This was illustrated and discussed with reference to Figures 6 and 7. 

io . • 

If a low system voltage condition exists,'. the process proceeds to Step 132. At 
Step 132 the processing module enabies ayfailTsafe algorithm regarding the low system 
voltage condition. The tail-safe algorithm for the low system voltage condition may be 
implemented as shown in Figure 1 0 and/or Figure 11 . 

15 ■ \ - ':[t 

In Figure 10, the fail-safe algorithm Begins at Step 144 where at least one output 
of the handheld device is disabled .; The, process then proceeds to Step 146 where the 
current settings correspond to execution- of at least one functional algorithm is stored. 
The functional algorithm may be playing of >1n MP3 file, recording an MP3 file, data 

20 transfer et cetera. Thus, the particular settings of the current execution of this algorithm 
are stored such that the algorithm may!^ in a safe manner without corruption. 

The process then proceeds to Step 148 where the -handheld device is shutdown. 

Figure 1 1 illustrates an alternate fail-safe algorithm for the low system voltage 
25 condition. The processing begins at Step 150 where a portion of the handheld device is 
disabled. The process then proceeds to 1 Stdp -152 where current settings corresponding to 
the execution of at least one functional related to the particular portion that has 

been disabled, are stored. The process then^proceeds to Step 154 where the operation of 
the handheld device continues in a limited, lew povver consumption mode. 

30 • " ..;3^K^r"^^P ; - 
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Returning to the logic diagram' of Figure 8, at Step 124, the processing module 
monitors the voltage of the battery for a batter>rio\v voltage condition. The process then 
proceeds to Step 134 where a determi nation is made as to whether a low battery voltage 
condition exists. If not, the process- loops back to Step 124. If, however, a low battery 
5 voltage condition exists, the process proceeds to Step 136 where a fail-safe algorithm 
regarding the low battery voltage is enabled. ; • 

Figure 12 illustrates an example . of a fail-safe algorithm for a low battery voltage 
condition. The process begins at Step 156 where essential current settings correspond to 
10 execution of at least one algorithm afe sforcdl; ; The process then proceeds to Step 158 
where the handheld device is shutdown. • ; - ':;./:. 

As one of average skill in 'tlie -art :\vill : appreciate, the term "substantially" or 
"approximately", as may be used herein; provides an industry-accepted tolerance to its 

15 corresponding term. Such an industry-accepted tolerance ranges from less than one 
percent to twenty percent and corresponds to, but is not limited to, component values, 
integrated circuit process variations; temperature variations, rise and fall times, and/or 
thermal noise. As one of average 5 skill iii the art will further appreciate, the term 
"operably coupled", as may be used herein, includes direct coupling and indirect coupling 

20 via another component, element, circuity of Module where, for indirect coupling, the 
intervening component, element, circuit; or ; riiodule does not modify the information of a 
signal but may adjust its current ieyeU x Na^itagb. level, and/or power level. As one of 
average skill in the art will also appreciate, inferred coupling (i.e., where one element is 
coupled to another element by inference) includes direct and indirect coupling between 

25 two elements in the same manner as "operably coupled". As one of average skill in the 
art will further appreciate, the tenir "compares favorably", as may be used herein, 
indicates that a comparison between two or more elements, items, signals, etc., provides a 
desired relationship. For example, when the desired relationship is that signal 1 has a 
greater magnitude than signal 2, a faW may be achieved when the 

30 magnitude of signal 1 is greater thaii that of sign a \2 or when the magnitude of signal 2 is 
less than that of signal 1 . ' 
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The preceding discussion has presented a, method and apparatus for efficient 
battery use by a handheld device. , By monitoring multiple points within the handheld 
device, the battery life may be extended- by, 'Utilising the battery as close to 100% of its 
capabilities as possible. As one of average , skill in the art will appreciate, other 
embodiments may be derived from the teaching of the present invention without 
deviating from the scope of the claims. 



